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I. INTRODUCTION
One of the crucial problems for modern molecular spectroscopy is to find an appropriate and efficient procedure to extract dynamical information characteristic of a molecular system in the chemically significant energy region. As demonstrated for SO2 -3 and acetylene, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] recently developed laser spectroscopic techniques reveal that the level structure of a small polyatomic molecules in a highly excited energy region can be very complex, but it appears possible to deduce information about the dynamical behavior of the system from dense and complex spectra. In this article we briefly review three types of analyses by which we aim to extract molecular dynamics from an observed complex spectrum by referring recent studies on vibrationally highly excited acetylene. These three types of analyses are (i) generalized conventional spectroscopic analysis, (ii) statistical analysis, and (iii) hierarchical analysis. In the following sections (Sec. II-IV), we explain how these mettiods have been applied to vibrationally highly excited acetylene, and in Sec. V, we describe a systematic and efficient procedure for the analysis of the complex observed spectrum by introducing recent studies of the complex laser induced fluorescence (LIF) spectrum of NO 2. II. GENERALIZED (--10 cm-) and stimulated emission pumping (SEP) spectroscopy at high resolution (--0.5 cm-) showed that each feature state contains sub-feature states underneath, and sub-feature states in turn contains a sub-sub-feature states underneath. 4 This hierarchical level structure occurs because of a stepwise energy flow from an initially populated feature state towards individual eigenstates. That is, the energy flows from an initially localized CC stretch and trans-bend combination levels into other modes on at least two distinct timescales in the high energy region. Therefore, by assigning the feature states and their underlying finer structure, it becomes possible to specify the energy flow pathway as well as its rate. This explicitly described and characterized energy flow process is the phenomenon of intramolecular vibrational energy redistribution (IVR) .
Recently the stepwise IVR pathway was discussed based on detailed examination of the 7000 cm -region by SEP spectroscopy. 5, 6 The high-resolution SEP spectrum at lower vibrational energy clearly proved the existence of the DD resonance between the two degenerate bending modes, which plays a crucial role in the earliest time IVR in the highly excited region, and also conclusively identified the importance of additional resonances, i.e. the vibrational/-resonance and the 2345 Fermi resonance, which were predicted from IR and Raman spectroscopy 15 based on the hierarchical structure of the DF spectrum. These resonances promote IVR into the v3" mode from the v2", v4" and vs" modes. Due to this combination of anharmonic resonances which are identified in the high resolution SEP spectrum at low energy, acetylene is destined to be strongly and specifically perturbed at high energy. The essential characteristics of the perturbation at high energy can be predicted by building a Hamiltonian matrix, which incorporates all the anharmonic resonances identified in the lower energy region.
III. STATISTICAL ANALYSIS
There is another type of analysis of the observed complex spectrum, which is known as a statistical analysis, in which statistical properties of the spectrum, i.e. the level spacing and intensity distribution, are treated. Statistical procedures to characterize complex observed spectra were first applied in nuclear physics and is now widely applied to complex spectra of atomic and molecular systems.
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Even when a spectrum is formidably complex and no systematic analysis such as that based on assignment quantum numbers is applicable, some characteristic properties of a spectrum such as short-and long-range spectral correlations and intensity distributions can be obtained by a statistical treatment of spectrum.
The complex vibrational level structure of highly excited acetylene was first observed by in the SEP spectrum. By using the second and third moments of the nearest-neighbor level spacing (NNLS) (3 and 45 ps) corresponding to the two stages of the clump structure. By using this statistical procedure, the short range spectral correlation, which can also be extracted from a NNLS distribution, as well as from the spectral intensity distribution, are simultaneously treated and reinterpreted as dynamical behavior. Contrary to the assertions in ref. 10 , it has been found that the ability of the SFT to reflect the underlying statistics of the level/intensity distribution is substantially degraded by incomplete resolution. 7, 8 The SFT of the SEP spectrum was further used to propose the existence of a large amplitude vibrational motion, 2 i.e. a rotational motion of one H atom around a CCH core, which is related to the isomerization reaction from acetylene to vinylidene. The isomerization to vinylidene was further inferred from cross-correlation analysis of SEP spectra by IV. HIERARCHICAL ANALYSIS As described in Sec. II, by comparing low-resolution and high-resolution spectra at higher energy region, the stepwise IVR pathway can be deduced via assignments of the feature states and their underlying substructure. Since the information about the IVR is encoded in the hierarchical structure of the spectrum, dynamical information can be extracted by a convolution analysis of the high resolution spectrum, in which the number of resolved peaks is plotted as a function of the convolution width. When we assign feature states and sub-feature state associated with various levels of hierarchy, we specify the stepwise energy flow pathway. The convolution analysis is, in principle, the same as the tree analysis proposed by Davis, 21, 22 which was recently applied to the LIF spectrum of NO by Davis 22 and by Coy, Chasman, and Field. z Here we apply the convolution analysis to the observed DF spectrum of acetylene in the energy region between 17 500 and 19 000 cm -1 to demonstrate how this method extracts dynamical information about vibrationally highly excited acetylene. Within that energy range, there are three feature states, (v2", v4") (4,16), (5, 14) , (6, 12) (4, 16) , (5, 14) , (6, 12 
